occurrence of membrane splitting as contrasted tured surfaces are replicated according to Moor (9) . The replicas are then cleaned and mounted on to cleavage along both surfaces in freeze-fractured Formvar-coated copper grids (Belden Mfg . Co., biological membranes (for a review see Branton Chicago, Ill ., supplied by VECO, Eerbeek, Holland) [1969] ) .
according to the usual procedure (10) . Because of In earlier observations on the plasma membrane their larger size, yeast cells have been used as markers of Bacillus subtilis we have assumed that fracturing to find the complementary parts of the fractured occurred along both surfaces of the membrane (11, bacteria . 12) . The aim of the present investigation on B .
subtilis has been twofold : (a) to verify whether Thin Sectioning of Fractured Bacteria the concept of a unique fracture plane applies to its plasma membrane ; and (b) to attempt to locate Bacteria contained in agar blocks (16) were fixed in osmium tetroxide and posttreated with uranyl the fracture plane in or at the membrane . An acetate (12, 16 ) . An agar block was placed on a answer to the first question has been sought by scratched copper disc and, after freezing in liquid making complementary freeze-fracture replicas as Freon 22 (E . I . du Pont de Nemours & Co., Inc ., has been done recently for other membranes (5, Wilmington, Del .), was affixed on the object stage 17, 21, 22) . The location of the fracture plane precooled to -150°C. A cut was made with the has been investigated by making thin sections of microtome knife at -100°C . The fractured agar freeze-fractured cells (3, 4, 8) .
block was then thawed and dehydrated in a graded series of acetone (12, 16 Complementary replicas were made with a device are printed in negative in order to produce a "natusimilar in design to the one first described by Steere ral" black shadow. The direction of shadowing is and Moseley (17) . It consists of two holders which can indicated by an arrow in the lower right-hand corner be closed on a hinge ; the lower holder is attached to of each micrograph . the screw cap of the specimen stage of the Balzers freeze-etch unit. The two holders contain comple-RESULTS mentary holes, and after the specimen suspension is inserted into the holes, the holders are closed on the For B. subtilis, no more than two faces of the hinge. Holders and screw cap are dipped in liquid plasma membrane have been described (11, 15) nitrogen and the whole assembly is screwed onto the a convex face densely packed with particles, and a concave face with far fewer particles . Both faces were found to be nonetchable (cf. references 11 and 13) . For convenience we will denote the former as a convex rough face and the latter as a concave smooth face .
Complementary Fracture Faces
The examination of complementary replicas of freeze-fractured B . subtilis reveals that a convex rough face is apposed to a concave smooth face and vice versa ( Figs. 1 and 2 ) . The shapes of the FIGURES 1 a and 1 b Complementary freeze-fracture replicas of B . subtilis plasma membrane . Note that a convex face (Fm) with numerous particles and a concave face (pm) with far fewer particles are apposed to each other . X 75,000 . apposed faces match each other closely, but the numerous particles on the convex rough face do not seem to fit into complementary holes in the apposing smooth one . This observation will be further considered in the Discussion .
Thin Sectioning of Freeze-Fractured Cells
A first concern has been to preserve the fractured cells against possible deteriorating effects of thawing. For this purpose the cells were embedded in agar, fixed in osmium tetroxide, and post- (Fig . 4 a) . More detail is visible in Fig. 4 b . The cell wall (cw) and the outer profile of the plasma membrane (opm) did not separate upon fracturing . X 75,000 and 200,000, respectively .
Uniqueness of the Fracture Plane
The previous observations of only two faces belonging to the plasma membrane of B . subtilis (11, 15) suggest the presence of one fracture plane (6) . A direct proof for this in B. subtilis has now been given by means of complementary replicas, which show that the convex rough face and the concave smooth face are apposed to each other. However, the numerous particles on the convex face do not seem to fit into corresponding holes in the concave face . This appears to be a general phenomenon and several explanations are possible ; for instance : (a) fracturing results in plastic deformation of the exposed structures (6) ; (b) some material disappears upon fracturing (14) ; (c) the structures are modified by contamination (7) ; and (d) shadow-casting obscures the exposed structures : i .e ., the particles become larger and the holes become smaller and thus do not seem to fit . This latter possibility is not unlikely since high resolution shadow-casting of the erythrocyte 568 BRIEF NOTES membrane revealed numerous pits in the smooth face which were presumed to match the particles on the complementary rough face (R . L. Steere, personal communication) . However, too little is known about the physical aspects of freeze-fracturing and the chemical nature of the observed structures to permit a definite conclusion regarding this matter.
Location of the Fracture Plane
The presence of one fracture plane does not necessarily imply that the fracture plane runs inside the membrane . Three possibilities for the location of the fracture plane are shown in subtilis. Left, the fracture plane runs between cell wall and plasma membrane ; center, the fracture plane splits the plasma membrane ; and right, the fracture plane runs between plasma membrane and cytoplasm . FP, fracture plane ; CW, cell wall ; PM, plasma membrane ; CY, cytoplasm.
cerned after convex fracturing in favourable sections (Fig. 5) ; and second, because fracturing along the cytoplasmic side may result in an etchable face which so far has not been observed in our specimens. Alternative (b) thus seems most plausible and it gives further support to the concept of membrane splitting (1, 2) . It should be noted that our results with fractured and subsequently sectioned membranes are quite different from those of Leak (8) and Bullivant and Weinstein (4) . These authors interpreted their observations as supporting the idea that membranes expose their outer surfaces upon fracturing . The difference in results is probably due to the fact that we employed osmium tetroxide fixation before fracturing, which might have better preserved the fractured membrane parts (presumably monolayers) after thawing. Material might have been leaking out of their preparations (4, 8) , creating the possibility of exposing nonfractured membranes near the original fracture plane in thin sections . In a later study Bullivant (3) observed occasionally "half a unit membrane" in sections if the original fracture face were protected with a layer of evaporated carbon .
In an earlier publication we showed that what was then interpreted as outer surface, but which is shown in these experiments to, in fact, be inner surface, is well preserved after osmium tetroxide fixation even if followed by extensive dehydration in acetone (12) . As a contrasting agent, osmium tetroxide appears to be most abundantly present in the outer membrane region, notably at the cell wall side . In this connection it is important to note, as stressed by Stoeckenius and Engelman (18) , that fixation and staining are not identical processes.
It further appears that an advantage of fractureplane-sectioning, described above, as compared with deep-etching (14, 19) , lies in the possibility of relating the fracture plane directly to the triplelayered image of the membrane in thin sections. Particles visible on membranes after negative staining, on the other hand, cannot be directly related to the particles on freeze-fractured membrane faces, since the latter are in the membrane interior (see our Discussion in reference 11) .
In conclusion, it can be said that the present results permit a better interpretation of the structural features of the freeze-fractured plasma membrane of B . subtilis, i .e ., there is a unique fracture plane which most likely runs inside the membrane . 
